Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/SE05/000787 
International filing date: 26 May 2005 (26.05.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: SE 

Number: 0401424-7 

Filing date: 02 June 2004 (02.06.2004) 



Date of receipt at the International Bureau: 16 June 2005 (16.06.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




BEST AVAILABLE COPV 



World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



PRV 



iLE COPY PCT / SE 2005 / 0 0 0 7 S"?.' 



PATENT- OCH REGISTRERINGSVERRET 

Patentavdelningen 



Intyg 

Certificate 




Harmed intygas att bifogade kopior overensstammer med de 
handlingar som ursprungligen ingxvxts till Patent- och 
vegistreringsverket z nedannamnda ansokan. 

This is to certify that the annexed is a true copy of 
the documents as originally filed with the Patent- and 
Registration Office in connection with the following 
patent application. 



(71) Sdkande Amic RB, Uppsala BE 

Applicant (s) 



(21 ) Patentansokningsnummer 0401424''7 
Patent application number 



(86) Ingivningsdatum 2004'06''02 
Date of filing 



Stockholm, 2005''05''27 



For Patent" och registreringsverket 
For the Patent- and Registration Office 




PATENT- OCH Postadress/Adress Telefon/Phone Telex Telefax 

REGISTRERINGSVERKET Box 5055 +46 8 782 25 00 17978 +46 8 666 02 86 

SWEDEN ^'^^^ ^2 STOCKHOLM Vx 08-782 25 00 PATOREG S 08-666 02 86 



2. m 2004 14:34 BERGENSTRAHLE & UND\*ALL NR. 216 8.2 " 

BER6ENSTRAHLE 

MH 52830 1 

Ink. t Patent- onh rfifi.vflrke 

Controlled flow assay device and method , ^.^^ ^ ^ 

■ Hbv(jdfa«eri Kossan 

The present invention relates to the field of assay devices or assay systems including 
componehts thereof, as well as mettiods of their use, e.g. a method for detecting an 
5 analyfee ini a blood sample, using such devices or components. The invention in 
partlcularrelates to such devices and such methods where the flow of liquids is 
controlled. 



Bacl^roiind 

10 Analytical and diagnostic determinations are fr^uently perfbrnied on liquid samples, 
comprisirjg in addition to ttie analyte of interest, also countless other components, 
chemical land particulate, which often interfere with the handling of the sample and 
may Influence the quantitative or qualitative detemiination of tiie analyte. 

For exam 9le, numerous clinical diagnostic methods are based on flie detection of an 
16 analyte in a blood sample. Frequently, such detection is adiieved In a disposable. : 
assay de^ oce. allowing rapid and simple diagnosis. One important application is tiie 
wide field of immunology, where analytes are detected witii the aid of specific 
antibodies, capable of binding to the analytes and fomning detectable complexes, 
usually w 0) the aid of Uganda aiding the detection. 

20 When pecfonming a test using a blood sample from a patient, many factors need to 
be considered. Whole blood is prone to clotting, reducing or preventing the desired 
flow of th^ sample in tiie assay device. The red blood cells, even in the absence of 
dotting, nbay inhibit or retard flow. Further, red blood cells may inhibit binding 
between specific binding pair members. Red blood cells also have enzymatic activity, 

:2S which, depending on tiie assay employed, may Intertere witti tiie signal produced. 

Unfortun4teiy, red blood cells present in whole blood also scatter and absorb light 
thus Interfering with assay methodologies which measure either reflected or 
. :r transmitted light. Other cells may interfere with particular detemiinations; for 
• " ' example, cholesterol determinations can be effected by cholesterol present in cell 
..30 membrarjss. 
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Consequently many assays involve a step of separating the red blood cells from the 
plasma, vyhereupon the assay is carried out on plasma or serum. When the 
separalioln is performed before clotdng, plasma is obtained. When clotting has 
occurred before separation, serum is obtelned. 

5 The red blood cells can be separated from plasma through centrifugation* which 
however [equires lelativeiy large volume of sample, and the use of a centrifuge. This 
is also tinie consuming and constitutes an additional step of handling the sample, 
which 6h(iuld be avoided when potentially contagious biood-bome pathogens are 
involved. Furtiier, the risk of the sample being contaminated by the Individuals 

1 0 handling cross-contaminated by parallel sample or mixed up with other samples Is 
increased. 

I ... 
The most common type of disposable assay de>Ace consists of a zone or area for 
receiving [the sample, a reaction zone, and optionally a transport or incubation zone 
connecting the receiving and reaction zone, respectively. These assay devices are 

15 known asi chromatography assay devices or simply refen'ed to as strip teste. They 
employ aiporous material defining a path for fluid flow capable of supporting capillary 
flow, e.g. ia filter material. The sample-receiving zone frequently consiste of a more 
porous material, capable of absori^ing the sample, and, when the separation of blood 
cells is dqsired, effective to trap the red blood ceils. Examples of such materials are 

20 fibrous materials, such as paper, lleece, gel or tissues, comprised e.g. of cellulose, 
wool, gl^ fibre, asbestos, synth^c fibres, polymers or mbdures of ttie same. The 
transport br incubation zone commonly consists of the same or similar materials, 
often \A4thl another porosity than the sample-receivirH) zone. Likewise, the reaction 
zone, which may be integrated with the incubation zone, or oonsituling the most 

25 distal parij thereof, commonly consists of similar, absorbing fibrous materials, or any 
of the abtjve listed materials. 

: In an as$4y device or strip test, the porous materiat (-s) is (are) assembled on a 

y-' carrier, sijch as a strip of thermoplastic material, paper, cardboard or the like. 

^• '} Further, & cover can be provided, said cover having at least one aperture for 

'"30 receiving the sample, and an aperture or transparent area for reading the result of 

* ' theassayi 



10 
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NitrocellMlose materials are also frequently used as the matrix constituting the M"^«dfaxen Kc 
transportlor reaction zone, connecting the receiving a>ne and the reaction 2»ne. A 
significanit disadvantage with nitrocellulose is its high non-specific binding of proteins 
and otheil bio-molecules. Present test strips however often handle a surplus of 
5 sample, rlsdudng the Influence of this binding. 



Prtorait- 

EP 1 371 > 984 discloses a chromatographic assay device and method for detecting 
the preseboe of an analyte in a sample of vvhole blood, utilizing a red blood cell 
separating agent to aggregate red blood cells and permit plasma or serum to flow by 
capillary ^ction. The carrier material is exemplified as a paper (fibrous), or 
membrantes of cellulose, fibreglass, cloth, both naturally occurring and synthetic, as 
well as porous gels. 

Although |frequentiy used and well known in the art, the above carrier materials are 
1 6 associdfeld wHh many drawbacks, the structure of the materials vM always vary 
between jiifferent batches, and also within the material, due to the random 
distributicin of the fibres e.g. in a fibrous material, or cavities e.g. in a geMike material 
Sim3ariy, Ithe chemical properties of the material. e.g. the distribution of chemicals 
added to bie material, will inevitable vary for the same reasons as above. 

20 WO 03/1^3835 discloses micro fluidic systems comprising a substrate, and, provided 
on said stjibstrate, at least one flow path interconnecting with functional means in 
which liquid samples can be subjected to different desired procedures, said flow path 
comprislnig a plurality of micro posts protruding form said substrate. 

The objedtlve of the present invention Is to further develop the micro fluidic systems 
"25 disclosed in WO 03/1 03835, and In particular to make available means for controlling 
• or rsgulating the flow. Including enhancing or attenuating the flow of liquid samples, 
' : ' rsagente br other components on ssdd substrate. 



Summary of the Invention 

.30 The presint Invention makes available a device for the detection of an analyte in a 
1! liquid sarr pie, or a component of such device, said device comprising a flow path 
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\with at le^st one zone for receiving the sample, and a transport or incubatioi^iKU#^.eK Hbgsi 
satd zones connected by or comprising an area halving projections substanlially 
vertical td its surface, wherein said device further comprises a sinfc v»ith a capacity of 
reoeivingland/or absorbing said ifquid sample and supporting or controiling the flow 
5 rate of sdid sampie through said transport or incubation zone, said sinic comprising 
an area tjaving projections substantiaily vertical to its surface, and said sink being 
adapted to respond to ^demal influence regulating its capadty to receive said liquid 
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The inver^tion also encompasses embodiments of said device and method, as set 
10 forth In this description and claims. 



Short de icripfion of the drawings 

The invention will be described in closer detail In the fbllowihg description, examples, 
and attacped drawings, in which 

Rg. 1 sciiematicaily shows a cross section of a device according to the invention, 
where a means for heating causes evaporation of liquid at one end, thus driving the 
ftow along the flow path of the device; 

Fig. 2 scliematically shows a top view of a device according to the invention, where 
the heatir|g is perf'ormed in zones, starting from the zone most distal to the point 
where the sample is added; 

Fig: 3 sciiiematicaiiy shows an embodiment of the invention where two parallel 
determinations can be perfomned. the flow rate and thereby incubation time 
individually adjusted In the two flow paths; 

Fig. 4 schpmaticaUy shows another embodiment where sampie, reagents and buffets 
can be sdriaiiy added and transporied along a flow paAh in a controlled manner and 

Fig, 5 shews different embodiments, illustrating how the transition from one flow path 
to another can be amanged: A) using a difference in the geometry of the micro posts; 
B) using a difference in the height and spacing of the micro posts; and C) using the 
design of jthe connection between the flow paths. 
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Pefinnions . 

Before th|e present device and metiiod is described, it Is to be understood that this 
invention is not limited to the particular configurations, method steps, and materials 
5 disclosed herein as such configurations, steps and materials may vary somewhat It 
is also toibe understood that the tenninoiogy employed herein is used for the 
purpose U describing particular embodiments only and Is not intended to be limiting 
since the{ scope of the present Invention will be limited only by the appended claims 
and equiyalents thereof . 

10 It must aqso be noted that, as used in this specification and the appended claims, the 
singular ijonns V. "an", and "the" include plural referents unless the context clearly 
dictates ^thenwlse. Thus, for example, reference to a reaction mixture containing "a 
monoclonal antibody" includes a mixture of two or more antibodies. 

In descfii^ing and claiming the present invention, the following temninology will be 
1 5 used ffi afsoordance with the definitions set out herein. 

I 

Thetemi "sample" here means a volume of a liquid, solution or suspension, Intended 
to be subjected to qualitative or quantitative determination of any of its properties, 
such as the presence or absence of a component, the concentration of a component, 
etc. The Sample may be a sample taken from an oi^anlsm, such as a mammal, 
preferably a human; or from the biosphere, such as a water sample, or an effluent; or 
from an technical, chemical or biological process, such as a process of 
manufactiiring, e.g. the production of medicaments, food, feed, or the purification of 
drinlcing vyater or the treatment of waste effluents. The sample may be subjected to 
qualitative or quantitative defemnlnafion as such, or after suitable pre-treatment. such 
as homojentsatlon, sonlcation, filtering, sedimentation, centrlftjgatten, heal-trealment 
I etc. Typibal samples In the context of the present invention are body fluids sudi as 
• blood. pMsma, serum, lymph, urine, saliva, semen, gastric fluid, sputum, tears etc.; 
' : raivironm sntal fluids such as surface water, ground water, sludge etc.; and process 

fluids such as mWk, whey, broVn, nutrient solutions, ceil culture medium, etc. The 
•aK) present lijvention Is applicable to ail samples, but preferably to samples of body 
" t fluids, and most preferably to whole blood samples. 
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The determination may be for any purpose, such as diagnostic, environmental^uvodiuker! K 
quaPity ccjntrol, rsgulatory, or research purposes. The Invention can be applied to 
competitive Onhibrtion) as well as non-<x>rnpetit^ 
Example^ of diagnostic determinations include, but are not llmifed to, the 
5 detemnin^tion of biospecifle affinity reactants such as a cell or virus or a part thereof. 
In particular antigens, such as an immunoglobulin (ig) or an antibody may be 
mentioned. For immunoglobulins tlie detemnination may relate to a certain Ig and/or 
certain Ig! subclass. 

The term '"analyte" means any substance that Is measured quantitatively or 
1 0 qualitatively. The invention in particular relates to anaiytes exhibiting biospecific 
afUnfty, sijich as individual members on reactant pairs: antigen/hapten - antibody; . 
biotin-aVldin/streptavidin;1wbcompllrTientary nucleic acid chains etc. 

The ternii "zone", "area" and "site" aie used in the contsxt of this description, 
examples! and claims to define parts of the flow patii on a substrate, either in prior art 
15 device In a de>^'ce according to the invention. 

The term [•reaction" is used to define any reaction taidng place between oomponisnts 
of a samijle and at least one reagent or reagents on or in said substrate, or between 
two or mcjre components present in said sample. The term "reaction" is in particular 
used to dfefine the reaction, teking plaoe between an analyte and a reagent as part of 
20 the qualitative or quantitative detemiinatlon of said analyte. 

The term ^'substrate" here means the earner or rnatrix to which a sample Is added, 
and on oHin which tiie determination is performed, or where the reaction between 
analyte aihd reagent takes place. 

The temn Tchemteai functionarit/* comprises all chemical reactions between 
26 componeilits in solution, between components in solution and components in solid 

phase, ImUoblllsed direetiy to the substrate, or immobilised to particles, reactions 
; - between components in a sample, reagent or buffer, with each other, the ambient or 

the like, taking part in the pre-treatment, Incubation or detection of an analyte In a 
*:• sample. 

3b The term 'biological functionality" comprises all biological interactions between a 
- component In a sample and a reagent on tiie substrate, such as catalysis, binding, 
intemails^tion, activation etc. 
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The ternil "physical functionality" here comprises functionSiStevofejIft reactions 
and Inteiietions other than those that are mainly chemical or biological. Examples 
include diameter, height shape, cross sec^'on, surface topography and surface patterns, 
the numbjsr of projections per unit area, wetting behavior of the surface of said 
5 projectloils, or a combination thereof, and/or other functionalities Influencing the 
flow, retention, adhesion or rejection of components of the sample. 

The distlrictions between chemical, biological and physical interactions are not 
always cl^r, and it is possible that an Interaction - such as an interaction between a 
component in a sample and a reagent on the substrate - Involves chemical, biological 
10 as well a^ physical elements. 

The temiij hydrophlHc and hydrophobic, as In hydrophillc or hydrophobic compounds, 
hydrophil c or hydrophobic interactions etc., have the meaning generally understood 
by a person skilled in the art, and corresponding to that used In generally recognised 
textboold. 

15 Pescriptldn of preferred embodimentg 

I 

,1 " . 

The present invention malces available a device for handling Uquid samples, said 
device oAnprising a flow path with at least one zone for receiving the sample, and a 
transport jor incubation zone, said zones connected by or comprising an area having 
projectloris substantially vertical to its surface, wherein said device further comprises 
20 a sink with a capacity of receiving said liquid sample and supporting or controlling the 
ftew rate of saki sample through said transport or Incubation zone, said sink 
comprising an area having projections substantially vertical to its surface, and said 
sink being adapted to respond to external influence regulating its capacHy to receive 
said liquic sample. 

25 The device according to the Invention can also comprise two or more flow paths, 
' ' each com reeled to a sink, said device being adapted for perfonning multiple analyses 
' on one salmpie. In this case, each flow path comprises a reaction zone, and 

individual reagents, such as conjugates, buffers etc are added to or stored In each 
ftow path pr reaction zone. A device according to this embodiment is advantageous, 
30 as It mak^ it possible to perform multiple analyses in parallel or substantially in 
, . ' parallel, starting from one sample, added to one device. 
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Acpordlng to on© embodiment, multiple reagents, buffers, etc are serially added ^ ^ 
one flow path. This means that each one of sample, reagent, buffer ete will ravel 
along thei flow path and pass the reaction zone In a predefennlned order. Using the 
sink, and in particular a heated sinic, the flow speed of each component can be 
5 controlled. This makes it possible to perform an e.g. analysis involving a slow pr^ 
treatment, an incubatkm of a predeterrnined lerigth, followed by a rapid ilnse eto. only 
to menfioh an e)»mple. 

According to the Inventon, the external Influence regulating the capacity of said sink 
to receiv4 said liquid sample is chosen among heating, cooling, irradiation with visible 
10 light, InfrdredinBdiatlon, vibration, and the application of an electric current 

According to an embodiment of the Invention, the sink Is divkied into sub secBons, 
suitable f|>r being serially subjected to said external influence. This Is advantageous 

e.g. in inskances where the sample tends to coagulate, denaturate or simply to dry in 
the sink during the heating. By serially heating secttons of the sink, starting from the 

15 most distdl one, it is possible to retain the aspirating or absorbing capacity of the 
sink. 

One embodiment of the Invention concerns the provision of means or design 
measure^ creating a prefen-ed direction of flow within the device. Such means or 
measure^ can comprise vertical projections have diflierent cross section in different 
20 zones of lihe flow path, diflierent spacing between sahJ prtisecbons, dilfefBnt chemical . 
orbiocheinical treatment of said projections, a diflierenoe in the level of said flow 
paths, sudih as fomntng steps or thresholds between different sections of the flow path 
etc. j 

The direcjion of flow, e.g. the prevention of undeslred back flow of sample is chosen 
25 among suitable design of the flow paths, the cross section of the substantially vertical 

projections, an external influence chosen among heating, cooling, irradiation with 
: visible light, infra red irradiation, vibration, and the application of an electric current, 

or a comt^ination thereof, acting on at least part of said flow paths. 

The presJnt invention makes available a chemical or biochemical assay Involving a 
dp reaction i^eitween an analyte in a sample and one or more reagents, wherein flie 

sample is ladded to a device as defined above. The reaction betwveen said analyte 
■: and one dr more reagent may be any conventional reaction, presently performed on 
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a solid siibstrate or in a carrier materiai. Tiiis also comprises assays where a device 
according to the invention Is used for the pre-treatment of the sample. 

The present invention also makeis avaiial^Ie chemical or biochemical assay Involving 
a reaction betuveen an analyte In a sample and one or more reagents, v^ereln ssSd 
5 reaction Kseff and/br the reading of the result is performed on a de>rice as defined 
above. 

The inverition also makes available a method for handling liquid samples, vt^erein a 



device a^ defined above is used. 

The device according to the invention Is advantageously used In analytical 
10 appficaliohs where tiie liquid sample conteiins particulate matter, such as c^le, tissue 
debris, organic or inorganic matter, other contamination etc, which is desired to 
separate from the bulk of the sample. One important application is when the liquid . 
sample is whole blood and in such cases, the lateral capiilavy flow involves the 
separatio|i of red blood cells from plasma without significant rupture of said ceils. 
15 According to one embodiment, such separation In general, and in particular the 

gentle separation of red blood cells, is achieved in a gradient of projections wherein : 
tile spacing decreases from about 7 ^m to about 1 fim over the lengtii of said filtering 
zone. 

According to one embodiment said receiving zone forms a basin for components 
20 separatee! from the lateral flow, e.g. particulate matter or cells prevented from 
passing bietween the projections, or entering tiiat.space only to a limited degree. 

According to another embodiment the particulate nriatter travels with tiie lateral flow. 

In appllc^ions where said liquid sample is whole blood, it Is importent that said 

lateral ca|j>lllaTy flow involves the transportetion of red blood cells without significant 
25 nipture of said cells. This is achieved by the present Invention through the control of 

one or more of the parameters of the projections, such as the height, diameter and 
* . reciprocal spacing, as well as the chemical or biochemical derivatisatlon of the 

progectionis. 

The spacing between said projections can be varied depending on the intended use 
•3p and the properties of the liquid sample, as well as the properties of componente to be 

separated or transported, and preferably Is in the interval of 1 to 100 fim, more 
::* preferably in tiie Interval ofl to 50 fim. The distence between said prelections can be 
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chosen bjy a skilled pemon, considering which sample the device Is intended for, the 
properti^ of said sample, and the properties of the components that are to be 
sepamatea. 

The devltiie according to ttie present Invention Is built on a plastic substrate, 
5 preferadal^ thermoplastic, or a substrate having a plastic upper layer. This can in tum 
be coated or derivatlsed, e.g. using techniques such as sputtering. \^pour deposition 
and the lii^e, and given a coating of silicon, a metal or other. The present invention 
can also be made of silicon substrates. According to a preferred embodiment the 
substratei is given a hydrophllic treatment or coating. e.g. by subjecting the substrate 
10 to an oxidative treatment, such as e.g. gas plasma treatment, coating with a 

hydrophiifc substance such as silicon oxide, hydrophllic polymers sudi as dexb^n, 
polyethylene glycol, heparin and derivatives thereof, deliaiigdnts, biotoglc substances 
such as F oiymers, etc. 

Consequ sntiy, according to one embodimerit of the invention, said projections or at 
1 6 least a si b-set thereof are provided wHh a chemical, biologic or physical ftihcBonality. 
The projefcflons may have chemically reactive groups on their surface. The prc>jectlons 
may also ihave substarices with biological affinity bound to their surface. 

According to another embodiment, the projections cany structures or groups chosen 
among hydrophllic groups, hydrophobic groups, positively and/or negatively chaiged 
20 groups, silicon oxida, carbohydrates, amino acids, nucleic acids, and . 
macromolecules, or combinations thereof. . 

According to yet another en^diment, the projections have a physical property 
selected fkm the projection diameter, height, reciprocal spacing, shape, cross section, 
surface c6ating, the number of projections per unit area, wetting behavior of the surface 
26 of said pr|>Jectlons, or a combination thereof, according to the desired end use of the 
substrate! 

^ According to another embodiment, particles are provided chemically or physlcally 

bound to the substrate, or mechanically trapped within a region comprising a plurality of 
/ projecUonls. Said particles are chosen among commercially available parUctes, so 
^0 called be^ds, and may have a core of glass, metal or polymer, or a combination of 
.] these, and they optionally carry on their surface chemical or biological moieties, 
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such as (Polyclonal antibodies, monoclonal antlbodies.'amino^acilds^^^^ acids, 
carbohydrates or combinations thereof. 

The present invention also makes available a device suitable for use in ortogether . 
with a dellce for detec^on of an anaiyte in a liquid sample, wherein said device has 
5 projections substantially vertical to its surface, said projections having a height, 
diameter land reciprocal spacing such, that said device is capable of separating 
componehts of said liquid sample while achieving a lateral flow of said liquid sample. 
This device may have one or more of the properties and functionalities described 
above, depending on ite Intended use. 

10 This device may be used separately, in association with, or integrated In a device for 
the analysis of a liquid sample. This device may function as a pre-treatment step in 
or beforeja conventional analysis. 

The present invention also makes available a method for performing an assay on a 
liquid sample, said sample being applied to a substrate having a zone for receiving 

15 the sampie, which is in fluid connection witii a reaction zone, and optionally a 
transport or incubation zone connecting the receiving and reaction zone, 
respectively, wherein said substrate Is a non-porous substrate, and said i^c^ing 
zone, reaistion zone and optional transport or Incubation zone consist of areas of 
projecHor|s substantially vertical to said surface, and having a height, diameter, and 

20 reciprocal spacing such, that lateral capillary flow of said liquid sample in said zone is 
achieved.. 

According to one embodiment of this method, a filtering step is performed following 
the addition of the sample, said filtering effected in a filtering zone by projections 
substantially vertical to the surface of said substrate, the projections having a height, 
25 diameter, and reciprocal spacing forming a gradient with regard to the diameter, 

and/or reciprocal spacing such that components of the sampie are gradually retained. 

' . This method can be used for all applications where component of a liquid sample 
-. need to b^ separated from tfie bulk of ttie sampie. The method is however 
'} particularljr suitable for applications where said liquid sample Is whole blood and said 

lateral catjillary flow involves the separation of red blood cells from plasma without 

significant rupture of said ceils. 
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* 

One way to achieve a gentle separation of componei'lte''}iffifl"sl{f^fe, Is to subject 
the sample to a filtering zone where the spacing between the projections gradually 
decreased. In applications where the lateral capillary flow involves the sepaiatlon of 
red blood' cells from plasma, it is Important that this takes place without slgnlfioant 
5 rupture of said red blood cells. Ito achieve this, in applications involving the 

separation of red blood cells, the spacing preferably decreases from about 7 to 
• about 1 over the length of said filtering zone. 

According to one embodiment of the method, components separated from the lateral 
flow are retained In a basin, substantially prevented from entering the filtering zone. 

10 Another Embodiment, in applications where said liquid sample Is whole biood, is a 
method of achieving a lateral capillary flow invoh^ng the transportation of fed blood 
cells withbut significant rupture of said cells. And if needed a flow of buffer liquid can 
be used tb reduce the amount of cells in the reaction zone, promoting the detection 

15 The inverltlon also makes available a method for performing an assay on a liquid 
sample, in particular a sample of whole blood, wherein saki sample Is added to a 



device as 



described above. 



The devKe according to the present Invention surprisingly replaces prior art devices 
where thd substrate, and/or one or more of said zones were made of a porous 

20 material sluch as nitrocellulose, cellulose, asbestos fibres, glass fibres and the like. 
A generel; embodiment Is schematically shovvn In Fig. 1 , showing a part of a device 
where thd surface of a substrate 2 has a flow path 4 comprising projecfions 
substentidiUy vertical to said surfiaoe, and having a height, diameter and reciprocal 
spacing spch, that lateral capillary flow Is achieved. A reatdion 2»ne 6 is provided on 

25 said surfaioe, and it is desired that sample and optionaOy reagente, buffere is^are 
transport^ laterally so that they pass said reactton zone, it Is further desired that the 
rate, at w^iich said reagents eto pass the reaction zone is controlled. To this end, a 

*: sink 8 is provWed at the distal end of the substrate, in relation to the place where 

l". sample Isjadded. This sink Is then heated by healing means 1 0. In order to evaporate 

^ liquid andicontrol or increase the flow rate of the sample. 
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Another embodiment Is illustrated in Fig, 2, showing a part of a substrate 2 having a 
flow patbj 4 and a reaction zone 6. The sinic is however divided into zones 12, 14, 16, 
and 18, v|/hich can be heated consecutively, starting from the most distal zone 12. 
Yet anotijier embodvnent is illustrated in Rg. 3, where sample is added to one 

5 location 20 in fluid connection with two flow paths 4' and 4". each flow path passing a 
reaction fone 6'and 6". and ending in a sink, 22' and 22", respectively. By giving the 
sinks 22''and 22" different capacity, or by subjecting them to heating, It becomes 
possible to achieve different flow rates in the flow paths 4 ' and 4". This is 
advantagieous in applications where two or more determinations are to be performed 

10 on the same sample, and each determination has its own requiremehls as to 

Incubation time, reaction time, flow rate etc. While Fig. 3 only shows two flow paths, it 
is under^od that three, four or several parallel flow paths could be provided. 

Fig. 4 illuWates an embodiment where sample is added to one tocafion 24, in a 
system 2^ forming a fluid connection between sample addition 24, a flow path 4, a 

1 5 reactton ^ne 6 and a sink 26, where a first wash buffer Wi stored in or added to 
another l6cation 30, a conjugate C storidd in or added to 32. and a second wash 
buffer \Ni stored in or added to 34. can be serially Introduced onto said flow path 4. 
When \Nl Wz, and C are added simultaneously, the distance between 30, 32, and 
34; and tljie flow path 4, respectively, can be varied in order to influence the time it 

20 takes Wi j W2, and C to reach the flow path. When Wi, W2, and C are stored on the 
surface, the locations 30, 32, and 34, respectively, the release of these 
componehts can be controlled by the provision of nieltable seals, the heating or 
cooling of the components, or other means, Influencing the time It takes Wi, W2, and 
C to reach the flow path. While 30, 32, and 34 are schematically shown in Fig. 4 to . 

25 be at an approximately equal distance from the flow path 4, and approximately 

vertical thereto, it Is contemplated that they can be at different distances, at an angle 
to the flov/ path, or even partially parallel thereto. Centiffugation is contemplated as 
one mear is to deliver one or ail of Wi, Wz. and C to the flow path. 

. : Fig. 6A s( ;hematicaHy illustrates an embodiment where the transition from one flow 

30 path 36 irito another low path 38 is characterised In that the substantially vertical 

• : projectiorjs in said flow paths have different properties, said properties chosen so that 

[' the directjon of flow is controlled, e.g. creating a preferred direction of flow. Different 
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In thte rsspect can be different cross section, height, orientation, spacing, 
» chemistry of the projections, or a combination thereof. 

Fig. 5B sthematlcally illustrates another embodiment where not only the properties of 
said projections, but also the level of the flow paths are different, again in order to 
5 create a i)referred direction of flow. 

Finally, Fig. 6C schematicaily illustrates an embodiment where the geometry of the 
respective flow paths 44 and 46 has been designed to create a pr^erred direction of 
flow. I 

The above embodiments may also be combined, e.g. by taidng features from one 
10 embodiment and Introducing tiiese in another. 
Advantades of the invention 

An advarjtage of the device according to the invention is the possibility to accurately 
control thfe flow rate. Including possibilities to stop and start the flow. This In turn 
makes it possible to perform simultaneous or sequential reactions, either in series or 
is In paFailej, in a controlled fashion. 

Another Advantage of the device is that, due to the open, regular structure and the 
defined properties of the capillary flow zones, the addition of reagents these zones or 
the deriv^atlon of the surface of the projections Is greatly simplified. 
Yet anotiiier advantage of the device is the uniformity of the stnacture not only within a 
20 single device, but also between all devices produced. This result In significantly 
Increasec reliability and repeatability of the assays built on the Inventive device. 

An important advantage of the inventive device is that the degree of separation, ftom 
none to total, of the blood ceils, can be accurately contrY>lled. 

The Inverltive device has many advantages with respect to the manufacturing 
j25 process. All capillary zones can be made in one step and no assembly of parts Is 
required. Optionally, a cover having at least one aperture for sample addition and 
one reading the result of the assay can be placed over the substrate and the capillaiy 
zones. 

••: Although the invention has been described with regard to Its preferred embodiments, 
.30 which constitute the best mode presently Icnown to the inventors, It should be 
::- understodd that various changes and modifications as would be obvious to one 



2.m 2004 14:36 BER6ENSTRAHLE & LINO\^LL Ink. t Patent- och rec.TOrket fjR.216 S. 16 

I BERGENSTRAHLE '/"n' -06- 0 2 

MHsaesol 15 

Huvudtoxen Kasson 

ha>nng thje ordinary skill in this art may be made without departing from the scope of 
the Im^enltion whidi is set forth in the dalms append^ iiereto. 
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1 . A iievice for handling liquid sannplds, said davica comprising a flow path with 
at least ohe zone for receiving the sample, and a transport or ineuI>ation zone, said 
zones cohnecied by or comprising an area having projections substantially vertical to 
5 its surfac^. characterized in that said device further comprises a sink with a capacity 
of receivifig said liquid sample and supporting or controlling the flow rate of said 
sample titrough said transport or incubation zone, said sink comprising an area 
having projections substantially vertical to its surface, and said sink being adapted to 
respond ijo external influence regulating its capacity to receive said liquid sample. 

10 2. Tlte device accordir^ to claim 1 , wherein two or more flow paths are provided, 
each conhected to a sink, said device adapted for performing muitipie analyses on 
one^wn|iIe. 

3. Thb device according to claim 2, wherein said multiple analyses are performed 
inparallei. 

4. Ths device according to claim 1, wherein multiple reagents, buffers, etc can 
be seriail) r added to one flow path. 

5. Th 3 device according to any one of claims 1-r 4, wherein the external 
Influence regulating the capacity of said sink to receive said lk|uld sample is chosen 
among hMng, cooling, irradiation with visible light, infra red irradiation, vibration, 
and the ajapilcation of an electric current. 

6. Th^ device according to daim 5. wherein the sink is divided into sub sections, 
suitable fd>r being serially subjected to saki external influence. 

7. The device according to clann 5 or 6, whereiri the sink Is heated to evaporate 
liquid sanjple therefrom. 

8. Thl device according to any one of claims 1-7, wherein the substantiaily 
vertteal pijojections have different cross sectton in different zones of the flow path. 

9. Th^ device according to claim 4, wherein the back flow of sample fs prevented 
by suitably design of the flow paths, the cross section of the substantially vertical 
projections, an external Influence chosen among heating, cooling, In-adlatlon with 
visible light, infra red irradiation, vibration, and the application of an electric current, 
or a comkjination thereof, acting on at least part of said flow paths. 
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10. A ehemical or biochemical assay involving a r&^tefe°n"an analyte in a 
eample ahd one or more reagents, characterized in that the sample Is added to a 
deylceacicordlngtoany one of claims 1 -9. - . . . .. 

11. A ^ihemical or biochemical assay involving a riaacUon between an analyte In a 
5 sample ahd one or more reagents/characterized In that said ruction is performed 

on a devibe according to any one of claims 1 - 9. 

12. A rtiethod for handling liquid samples, characterized in that a device 
according to any one of claims 1 - 9 is used. 
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Abstract Huvo<J<azcn Ko5son 

A device Ifor handling liquid samples, comprising a flow path witli at least one zone 
for reoeiving the sample, and a transport or incubation zone, said zones connected 
by or conliprising an area having projections substantially vertical to its surf^, Is 
S provided Uith a sink with a capacity of receiving said liquid sample, said sink 
comprising an area having projections substantially vertical to its surface, and said 
sink being adapted to respond to an external Influence regulating its capacity to 
receive s|iid liquid sample. 

(i=ig.i) : 
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